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Abstract 
The Isle of Usedom is located in the South of the Baltic Sea on the 
border between Poland and Germany. The Streckelsberg is midway 
along the coastline of the island. The cliff coast area is extremely ex- 
posed to waves. 
Coastal protection works have been carried out here for the last 
100 years, starting in 1895 with the construction fa revetment. All 
efforts could not solve the erosion problems in the long-term. There- 
fore, it was decided to install a new system of coastal protection 
measures in 1994. The conceptional design includes a system of 
three offshore breakwaters in combination with a beach nourishment 
system. To minimize downdrift erosion agroyne scheme will be ad- 
ditionally installed. 
The aim of the offshore breakwaters is to reduce the wave energy 
transformed into the sheltered area and to consequently reduce the 
longshore sediment transport. It is expected to support the natural 
development of a salient which will form the main part of the com- 
plete coastal protection system. 
Introduction 
The Isle of Usedom is situated in the eastern part of Germany 
near the border to Poland (Fig. 1). The length of the shoreline 
directly exposed to the Baltic Sea is about 40 km. Erosion 
problems are encountered over the overall coastal area. A 
coastal retreat of up to 0.8 m/year on average has been ob- 
served for many years. 
The Streckelsberg is located in the middle of the NE-coast 
of Usedom. This part of the island is extremely exposed to 
waves. The Streckelsberg is an erosive cliff, consisting of 
glacial sandy deposits with heights up to 50 m. The length of 
the area is about 500 m. To the south east of the Streckels- 
berg the coast consists of an active cliff with heights up to 
25 m. To the north-west we find a partly active cliff, which 
turns into sandy low land after about 500 m. This area is the 
only very narrow border isthmus between the Baltic Sea and 
the so-called Achterwasser and is, therefore, very vulnerable 
to high water levels and strong wave attack. Beach nourish- 
ment has been carried out several times in this low lying part 
of the coast. 
The vulnerability of this low lying stretch of the coast is 
one of the main reasons that the Streckelsberg must be effi- 
ciently protected. The Streckelsberg has to be considered as 
an important fixed point for the development of the complete 
coastline. Hence, any futther retreat of the Streckelsberg 
cannot be tolerated. 
Coastal protection works have been carried out at the 
Streckelsberg for the past 100 years, starting in 1895 with the 
construction of a steep revetment on the beach (commonly 
called seawall). This seawall had to be maintained and re- 
paired several times during the last century. Nevertheless, it 
more or less protected the Streckelsberg against major ero- 
sion. 
Due to a negative sand budget, the beach area in front of 
the seawall eroded completely after construction of the wall, 
and the sea floor deepened correspondingly at a rate of ap- 
proximate 2.6 cm/year. 
To avoid downdrift erosion, groyne systems were in- 
stalled both to the north-west and the south-east of the 
Streckelsberg seawall at a later stage. However, the groyne 
systems are now undermined and the systems have failed. 
At present he seawall is almost completely destroyed 
(Fig. 2), and even the groyne systems have no connection to
the beach. 
In this situation the responsible governmental uthority 
decided in 1994 to protect he Streckelsberg and to improve 
conditions in the adjacent stretches. 
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Fig. 1. Situation map. 
Conceptional Considerations 
To understand the physical reactions of a sandy beach, espe- 
cially local changes and the seasonal variability of the coast- 
line, the hydrodynamic input has to be carefully analysed. As 
a precondition for any functional nd structural design of 
coastal protection works the reactions of the beach have to be 
investigated. 
From the engineering point of view, a useful tool for under- 
standing the behaviour of a sandy beach exposed to the corn- 
Fig. 2. View over the destroyed sea- 
wall. 
326 Limnologica 29 (1999) 3 
NATURAL CONDITIONS ~. /~ waves creating longshore 
currents v = v (x, y, z) 
(~  J J . , , .¢<~ ('~ ~ and longshore sedime n t 
h ak~r - . / /  -~ -- trans ort S = S (x) _re . . . .  
zone 
B X dS 
/ / / / / / / /~1/ / /11 /1 i / / ) )1 / / /11 / /1 /1 t /~ ~ = 0, equilibrium 
condition 
control- ~ (dS  
section + O, accretion, 
X~ X 2 dx erosion ) 
OFFSHORE-BREAKWATER 
Lee - erosion 
Vl \ in the last consequence ~" -  ~ I 
\ . jTombolo (dependmgon geometry, 
/ accretion "~ crest height...) \ 
. . . .  ~ ~ o s , o ~ , ~  
GROYNE, BREAKWATER 
Lee - erosion 
1- / / - " /~  
aocret;n 
I ~/11/I/II/~ ""'" ~ - -  ~ i 
area of erosion re-'airily depending 
on length of structure 
GROYNE FIELD ~ Lee- erosion 
v,S V < 71 ~v,S  
correspondig 
to length, shape, distance... 
ARTIFICIAL REEF 
i g ~ Lee- erosion 
vl v < v 1 ~ vl 
$1 $1 
~J///////// ~  
REVD'MENT OR SEAWALL 
~ ,ml~- Lee- erosion 
.~-~-P'- v r 
and nearshore 
sediment transport 
--  original shoreline 
shoreline acc. to interference 
with coastal structures / ] 
Fig. 3. Coastal protection measures and possible influence to the development of the coastline for given hydrodynamic conditions. 
bined action of waves, currents and changing water levels is to 
perform an imaginary separation of the sediment ransport 
phenomena into a cross-shore and an along-shore transport 
component, he latter being the true reason for erosion (and 
accretion), whereas on/offshore transport creates a"dynamic" 
equilibrium. Sand will remain within the system even under 
extreme hydrodynamic conditions (KOHLHASE 1991). 
Our technical possibilities to protect a sandy coast against 
erosion are rather limited if we consider the fundamentals of
the sediment budget of a beach. Some of the general possi- 
bilities for stabilising a sandy beach are illustrated in Fig. 3. 
It can be readily seen from Fig. 3 that all structural mea- 
sures will influence the longshore sediment transport. On one 
side sediments accrete in the luff of the structure; on the 
other, downdrift erosion (lee-erosion) must necessarily ap- 
pear to balance the sediment budget of the area. Since sedi- 
ments are taken out of the system, this holds even in if local 
erosion is prevented (e.g. by means of a revetment) by fixing 
the beach itself. The conceptual design of coastal protection 
at the Streckelsberg must take into consideration these gener- 
al interdependencies, .e. effects on adjacent coastal stretches. 
To minimize the downdrift effects a system of offshore 
breakwaters directly in front of the Streckelsberg was used as 
the main component of the conceptional design. 
The offshore breakwaters should be arranged in such a 
way, that sediments can pass between the structure and the 
beach. Complete interception of the sediment transport sys- 
tem is, however, not allowed, and the formation of a tombolo 
must be avoided. The passage of sediments behind an off- 
shore structure leads to the formation of a salient. 
To support he formation of a salient as one part of coastal 
protection at Streckelsberg and to minimize the downdrift ef- 
fects of the offshore breakwater system, beach nourishment 
and the reconstruction f the existing groyne field in the ad- 
jacent stretches were chosen as the two other components of 
the complete coastal protection scheme. 
Optimization of Offshore Breakwaters 
Methodological Approach 
Knowledge about he local wave climate and the complex in- 
teractions of waves and sediments under the influence of vari- 
able water levels and local currents is the basis for the predic- 
tion of the morphological development of a coastal stretch. 
Since no long-term measurements of the wave conditions 
were available for the coastal region at Streckelsberg, hind- 
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cast information about the local wave climate were used for 
the investigations. 
Based on a wave climate study and a far field calculation 
of the longshore sediment ransport characteristics, the 
boundary conditions for the investigations were determined 
with a one-line numerical model (GENESIS). 
The effects of different layouts of the breakwater system 
were investigated with respect to the effectiveness of the sys- 
tems. Special attention was paid to the minimization of 
downdrift effects and to optimisation of the shelter of the 
cliff at the Streckelsberg. 
One-Line Coastal Development Model 
Within the scope of the investigation for the optimisation of 
the layout of offshore breakwaters at the Streckelsberg the 
numerical model GENESIS (GENEralized model for Simu- 
lating Shoreline change) was used to compare the effective- 
ness of the different breakwater layouts. In GENESIS it is 
possible to simulate the long-term evolution of a coastline 
under the influence of coastal structures (e.g. breakwaters, 
groynes, seawalls). 
The model was developed by the Coastal Engineering Re- 
search Center (CERC; HANSON & KRAUS 1989) and 
forms a part of the group of so-called one-line models within 
existing sediment transport simulation programmes. 
Following the investigations of DEAN (1977) and 
BRUUN (1954) all one-line models are based on an equilib- 
rium beach profile, which is only shifting parallel. Under this 
assumption it is possible to describe the changes of a coast- 
line using a single line of the coast (the shore line) as indicat- 
ed in Fig. 4. 
The volumetric hange of a section of the coast can then be 
calculated using eq. 1: 
AV = Ax. Ay. (D B + Dc) (eq. 1) 
D B = Height of Berm 
Dc = Closure Depth/Active Depth 
see definition sketch (Fig. 4) 
~s,60GG , 
,',%.2": ? . 
Generally sediment transport is explained as a combina- 
tion of longshore and on-offshore transport. One basic as- 
sumption for a one-line model is that the on-offshore trans- 
port will only cause a shift of material within the profile of 
the beach and, therefore, makes the material available for 
longshore sediment transport. 
In the coastline volution model the longshore sediment 
transport is calculated from a formula (eq. 2) which consists 
of two terms: 
° CERC-sediment transport term 
• Diffraction term 
Q= (U2Cg)b (alSin2@bs-a2cOsObs ~(~-~))b (eq. 2) 
Kl 
where: a 1 = 
16(929 - 1) (1 -p)  1.4165/2 
K2 
and a 2 = 
8(pip - 1) (1 -p)  1.4615/2 tan 
Q = longshore sediment transport; H = wave height; Cg = group ve- 
locity; b = index, indicating wave breaking conditions; @bs = wave 
direction; al, a2 -- dimensionless parameters; K1, K2 = empirical cali- 
bration factors; tan ~= mean slope perpendicular to the shoreline; 
p = porosity of the ground material; Ps = specific gravity of the soil 
[2650 kg/m3]; [3 = specific gravity of the sea water [1030 kg/m3]. 
From the CERC-term the capacity of sediment transport 
is calculated, and with the diffraction term the influence of a 
wave height gradient (perpendicular to the shore in the shel- 
tered area of a coastal structure, e.g. a groyne or a break- 
water) is taken into consideration. 
The empirical calibration factors, K1 and K2, have to be 
obtained with a calibration procedure. Recommended values 
for K1 vary between 0.50 and 0.80, the ratio K1/K2 is between 
0.5 and 1.0 as experience shows (e.g. KOMAR & INMAN 
1970; KRAUSS et al. 1987). 
The longshore sediment transport is calculated in sections 
for the region of interest, and the erosion or accretion of the 
beach is determined from the balance (eq. 3) of the longshore 
sediment transport. 
0Q 
AV = • Ax At + qAx At (eq. 3) 
0x 
herein: AV = volumetric change 
OQ 
- gradient of longshore sediment transport 
0x 
Ax = x interval; At = time interval; q= source-sink term. 
The changes of the shoreline are calculated from the 
preservation of the sediment masses (eq.4) which can be ob- 
tained equating eq. 1 with eq. 3 and limiting the time against 
zero (lim At --~ 0). 
1 ( 3Q ) 0Y =0 (eq. 4) 
D~+Dc ~ - 3t 
Fig. 4. Change of the coastline / def. sketch. Definition sketch see Fig. 4. 
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The following information is needed as input data for the 
numerical simulation of the coastline changes: 
• y - Positions of coastline in constant sections (Ax) 
• wave data (wave height, wave period, wave direction) 
• beach profile (active depth, mean slope) 
• topographical information about he coastal structures 
• boundary conditions 
Data Analyses 
• Coastline 
Based on a far field calculation of the local longshore trans- 
port characteristics the region of interest was chosen as 
2.5 km and is extended about 1.25 km both to the NW and 
the SE of the Streckelsberg. 
The initial y-positions of the coastline were taken from a 
topographical map with a constant width of the sections of 
25 m. 
• Wave data 
To simulate the coastline development, significant wave pa- 
rameters (Hm0 , Tp, {~m) in deeper water are needed as input 
data. Using an internal linear wave model, the data are trans- 
formed to the breaker zone to obtain input data for the calcu- 
lation of the longshore sediment transport. For the calcula- 
tions a 5-year time series of wave data with a constant time 
step of 1 hour are available from a location in about 10 m 
water depth near the Streckelsberg area. The data result from 
a farfield hindcast investigation covering the whole Baltic 
sea. These investigations were performed by GKSS 1) using 
1) GKSS Research Center Geesthacht (Germany) 
the HYPAS model, a second generation model for hindcast- 
ing of wind waves. 
To figure out the general wave conditions in the region the 
mean wave conditions are shown in Table 1. It was calculat- 
ed from the above mentioned 5 years time series of hindcast 
wave data. 
• Beach profile: 
As shown above (cf. Fig. 4, eq. 4), for the calculation of the 
equilibrium cross-shore profile and coastline development, 
knowledge about the berm height (DB) and the local active 
depth (Dc) are necessary as well as information about the 
mean diameter of the local sediment. Based on literature in- 
formation (GUSEN 1992) the mean sediment diameter was 
taken to be ds0 = 0.2 mm to ds0 = 0.3 mm. 
The active depth was taken as Dc = 10 m for the region. 
The mean berm height of the cliff in the investigated coastal 
stretch is DB = 25 m. To verify the results, calculations with a 
berm height of DB = 5 m were also performed for comparison 
of the general results. 
The parameters in the numerical model were varied to op- 
timize the layout of the planned breakwater system. Briefly, 
the different investigated parameters are: 
• number of breakwaters / breakwater layout (cf. Table 2) 
• distance to the shoreline 
• coefficient of transmission to simulate different crest 
heights and different cross-sections (0.6 < CT < 0.3) 
• berm height of the active cliff 
The period of simulation with the numerical model was 
up to 15 years to estimate the long-term effects of the 
structures. The steps of the simulation cover periods of 5 
years. 
Table 1. Wave conditions offshore of the Streckelsberg (mean water depth = 10 m). Hindcast data calculated with the HYPAS model. 
Statistic of Waves Pos. 87 
Heights Wave Direction 
of Waves 
[cm] N 22.5 45 67.5 E 112.5 135 157.5 S 202.5 225 247.5 W 292.5 315 337.5 Total 
0-25 1.03 1.92 1.23 3.93 2.22 1.19 1.24 1.30 1.23 1.85 2.22 1.90 1.79 1.51 1.19 0 .88  26.63 
25-50 0.40 0.64 0.58 1.38 0171 0.49 0.38 0.58 0.40 0.56 0.54 0.62 0.72 0.96 0 .49  0.47 9.92 
50-75 0.78 0.55 0.62 1.03 0.91 0.75 0.90 1.47 1.56 1.89 1.89 2.38 3.70 3.92 2.52 1.65 26.53 
75-100 0.53 0.24 0.26 0.35 0.56 0.49 0.64 0.89 0.49 0.62 0.47 1.21 2.74 1.97 1.45 0.70 13.61 
100-125 0.54 0.34 0.34 0.34 0.59 0.57 1.42 0.84 0.31 0.33 0.37 0.94 2.89 2.05 1.64 0 .84  14.35 
125-150 0.10 0.13 0.14 01.5 0.25 0.18 0.46 0.08 0.03 0.04 0.09 0.36 1.05 1.00 0 .69  0.33 5.08 
150-175 0.14 0.15 0.08 0.09 0.28 0.14 0.13 0.01 0.02 0.04 0.17 0.47 0.64 0 .38 0.29 3.03 
175-200 0.06 0.01 0.01 0.05 0.04 0.01 0.01 0.02 0.09 0.13 0 .05 0.04 0.53 
200-225 0.03 0.03 0.07 0.03 0.02 0.02 0 .03 0.04 0.28 
225-250 0.01 0.01 0.01 0.03 
250-275 0.01 0.01 
Total 3.64 3.99 3.25 7.31 5.65 3.90 5.17 5.16 4.05 5.30 5.63 7.60 13.47 12.20 8.43 5 .23 100.00 
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Table 2. Investigated layouts of breakwater systems for coastal pro- 
tection at Streckelsberg (comparison by numerical model). 







1 single breakwater 
length of single breakwater Lbw = 650 m 
system of 3 breakwaters 
overall length Lto I = 650 m 
length of breakwaters 
Lbw = 175 m / 250 m / 175 m 
width of gaps: bl = 25 m 
length of breakwaters 
Lbw = 175 m / 200 m / 175 m 
width of gaps: bi = 50 m 
length of breakwaters 
Lbw = 150m/200 m/150m 
width of gaps: bi = 75 m 
system of 7 breakwaters 
overall length Ltot = 675 m 
length of breakwaters Lbw = 75 m 
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The investigated layouts of the breakwater system for the 
coastal protection at the Streckelsberg are summarized in 
Table 2. 
Results of Numerical Simulations 
The most important results of the optimization process car- 
ried out with the numerical model relate to morphological 
changes of the coastline, especially the formation of a 
tombolo, the formation of a salient and downdrift effects. 
Some results of the simulation are shown in Fig. 5 a and b as 
examples. Generally, the results of the simulations show that 
the influence of the coefficient of transmission (CT) on the 
morphological changes i  comparatively small if CT is in the 
range between CT = 0.3 and CT -- 0.6. 
The influence of the distance of the breakwaters from the 
shoreline on the morphological changes is much more evi- 
dent. For smaller distances (150 m), downdrift erosion is 
considerable, and the salient hat builds up tends to form a 
complete tombolo. Even after a simulation period of 10-15 
years no state of equilibrium had been observed. The results 
for a distance from the shoreline of about 200 m (which is 
the greatest distance possible considering construction costs) 
show that the morphological changes caused by the con- 
struction are small and more regular then those caused by a 
distance of 150 m. The coastline tends towards an equilibri- 
um state, which is reached for the installed breakwater sys- 
tem after a simulation period of about 8-10 years. After this 
period the changes are relatively small. 
0 250 500 750 1000 1250 1500 1750 2000 2250 2500 
X-Achse [m] 
Fig. 5. Illustration of simulation results, a: Simulation Usedom, 
Variant IIA (a2, CT1, Db2, d3). b" Simulation Usedom, Variant IIC (a2, 
CTI, Db2, d3). 
The different breakwater layouts (cf. Table 2) showed that 
division of the construction i to three breakwaters (Variant 
I|) gives a fairly regular shape of the coastline with more bal- 
anced zones of accretion and erosion compared with a sys- 
tem consisting of one breakwater only (Variant I). Further di- 
vision into several breakwaters (Variant II|) showed no im- 
provement over Variant II. 
Investigations with different breakwater layouts and 
lengths and gaps between the breakwaters (Variants IIA, liB 
and IIC) showed that the optimum layout for a "balanced 
compromise" between sufficient shelter and minimized 
downdrift effects is a combination ofVariants |IB and IIC. 
The chosen layout for the breakwater system has a mean 
distance to the shoreline of 200 m. The lengths of the break- 
waters are 170 m / 190 m / 170 m and the gaps between the 
breakwaters are 60 m. Fig. 6 shows an overview of the final 
layout of the breakwater system at the Streckelsberg together 
with the supporting measures, beach nourishment and recon- 
struction of the groynes. 
Concluding Remarks 
Not all the steps involved in the design of the offshore break- 
water system at Streckelsberg could be outlined in this paper, 
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Fig. 6. Final layout of the breakwater system at Streckelsberg. 
and interesting questions concerning the structural design of 
rubble mound breakwaters and the execution of works had to 
be left out of consideration. 
The construction works at the Streckelsberg started in 
1995. The breakwaters were completed in spring 1996. At 
present the supporting measures are being executed. 
For the conceptional design of coastal protection works, 
especially with regard to the layout of an offshore breakwa- 
ter system as the main component of such a scheme, a so- 
called on-line numerical model was used. GENESIS is one 
of the most used commonly models for assessing shoreline 
processes and the interactions between structures, waves and 
a sandy beach. GENESIS is, however, arough simplification 
of natural processes, and the user has to make certain as- 
sumptions. The use of the model needs, therefore, a lot expe- 
rience. It should be mentioned that the use of numerical 
models in this particular is a topic of general controversy in
the literature, and any numerical model must be carefully 
calibrated and verified using field data, if any possible. 
Special measurements of the sediment characteristics in- 
cluding side scan investigations were executed by the Uni- 
versity of Kiel and Greifswald with respect to conceptual de- 
sign. We really hope that measurements at the site will be 
continued. More specifically, we hope to obtain field data 
describing the coastal development and the local wave data 
to achieve a better understanding of the reactions of a sandy 
beach, verify our esults and permit future improvement of
numerical models. Anyhow, a simplified model can only be 
one tool used for the assessment, and the design must take 
into account various other aspects which could not be out- 
lined in this paper. 
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